Introduction: Respiratory dysfunction in craniovertebral junction (CVJ) pathology can be due to (1) direct compression of neural tissue, or (2) weakness of muscles of respiration. Majority of the times, this impairment is clinically occult. The outcome of a patient with CVJ anomaly is also dependent upon his/her respiratory function.
INTRODUCTION
Occult chronic respiratory dysfunction exists in patients with CVJ anomalies and other compressive cervical lesions. 1, 2 The CVJ anomalies are developmental disorders that affect the skeleton and enclosed neuraxis at the junction of the cranium and cervical spine. 3, 4 The clinical syndromes associated with CVJ anomalies are attributed to:
• Pressure on the neuraxis by the bony and soft tissue abnormalities • Disturbance of cerebrospinal fluid circulation and blood supply • Intrinsic malformations of the nervous system 5 Respiratory function is controlled by the phrenic (C3-C5) nerve, the intercostal nerves (T2-T10), and autonomic nerves, especially sympathetic (T1-L3) nerves. Clinical respiratory dysfunction may occur because of:
• Direct compression of neural tissue (brain stem compression affecting the respiratory centers) • Weakening of the muscles of respiration including the diaphragm 6 The objective assessment of respiratory function is done with spirometry. A preoperative pulmonary function test helps to evaluate occult respiratory dysfunction and initiate corrective measures prior to and during and after surgery. Changes in respiratory function following relief of compression at the CVJ can be evaluated by postoperative spirometry. 2 Two distinct physiological functions that govern respiration may be affected: (1) Control of ventilation, JOSS (2) respiratory motor function. Besides this, certain ailments like rheumatoid arthritis which can cause acquired CVJ abnormalities are also associated with pulmonary fibrosis, nodules, and restrictive pulmonary dysfunction. 7 Clinical bedside evaluation of respiratory function can be done by breath-holding test, SBC, and respiratory system examination. However, subtle occult dysfunction can be missed by these methods. Therapeutic measures to maintain CVJ stabilization, such as cervical traction, cervical collars, etc., also influence respiratory effort.
Pulmonary function test is the objective method of evaluating respiratory function. The various parameters in a PFT and its significance are given in following paragraphs.
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Spirometry is a noninvasive assessment of ventilatory function and helps to assess the dynamics of respired lung volumes and capacities. It is the timed measurement of dynamic lung volumes and capacities during forced expiration and inspiration to quantify how effectively and quickly the lungs can be emptied and filled. Spirometry is reported in both absolute values and as a predicted percentage of normal. Standard lung volumes as measured with a spirometer are given in Graph 1. 8 Toyoda et al 9 in a prospective study on the effect of cervical myelopathy on respiration found that the mean vital capacity (VC) is significantly lower in patients with lesion above C3 to C4. However, there was no difference in mean TV, FVC, %FEV1. The dysfunction is usually mild due to:
• Less severe damage to respiratory controlling tracts due to resistance to chronic compressive stress • Potential compensatory reactions of the cervical spinal cord to preserve respiratory function They also found that VC, FVC, and PEFR values were significantly lower in the cervical myelopathy group.
This occult respiratory dysfunction can be reversible and self-limited if recognized early. An assessment of preoperative respiratory dysfunction helps to plan the appropriate time to extubate the patient after surgery.
MATERIALS AND METHODS
Twenty-five patients with CVJ anomalies operated at the National Institute of Mental Health and Neurosciences, Bengaluru, Karnataka, India, underwent spirometry. Spirometry was performed using spirometry kit (Micro [COSMED], Italy). The FVC, FEV, FEV1:VC were calculated. From this, PEFR and inspiratory reserve volume were calculated. The respiratory muscle strength was calculated with FVC and MVV. The radiological evaluation with X-ray, computed tomography (CT), magnetic resonance imaging (MRI) documented the degree of compression at CVJ and the relief of same in immediate postoperative period and 3 months follow-up.
Inclusion Criteria
• Age 12 to 60 years • American Society of Anesthesiologists grade I and II • Radiologically demonstrated compression at CVJ undergoing transoral odontoidectomy and/or posterior fusion, fixation of C2 fractures. Relief of compression was essential for inclusion in the study.
Exclusion Criteria
• Preexisting history of respiratory disease, e.g., bronchial asthma or chronic obstructive pulmonary disease.
• Chronic smokers • Quadriplegia in the preoperative or postoperative period or deterioration in motor power after surgery • Children (<12 years) • Redosurgery • Other cervical spine lesions/compression at other levels • Preexisting cardiac disease
Statistical Methods
Descriptive statistical analysis was carried out using Student's t-test (paired) to find the significance of study parameters between pre-and postintervention in each group. Wilcoxon signed rank test has been used to find the significance of study parameters (FEV1%) between pre-and postintervention in each group. Statistical software SPSS 15.0, Stata 8.0, MedCalc 9.0.1, and Systat 11.0 were used for the analysis of the data, and Microsoft word and Excel have been used to generate graphs, tables, etc.
RESULTS
• Age distribution: Majority of the patients were in their second and third decades of life (Table 1 , Graph 2).
• Gender distribution: Males were predominant (76%) in the present study (Graph 3).
Graph 1: Normal spirometry
• Pathology at CVJ: AAD was the most common patho logy in the study (Table 2 ).
• Type of Surgery: The nature of surgery was decided based on the reducibility, site of compression, and nature of pathology. Relief of compression postoperatively was documented in all patients with X-ray/CT/ MRI. Posterior fusion of C1 to C2 was the most common surgical procedure undertaken (88%) ( Table 3) .
Results and Analysis of PFT Parameters
• FVC: There was a significant reduction in preoperative FVC as compared with predicted values. (Table 5 ).
• FEV1/FVC%: There was a significant increase in preoperative FEV1% as compared with predicted values. (Table 7 ).
• MVV: There was a significant increase in preoperative MVV as compared with predicted values. Postoperatively, there was a significant improvement only in late postoperative values (Table 8 ).
• PEFR: There was a significant reduction in preoperative PEFR as compared with predicted values. Postoperatively, there was a significant improvement only in late postoperative values ( Table 9 ). 
• Comparison of PFT parameters between cases and controls:
Comparison between the preoperative group and age/sex/body surface area matched healthy controls showed significant decrease in the parameters (Table 10) .
DISCUSSION
Compression of the CVJ in congenital or acquired pathology results in dysfunction of brain stem, cerebellum, cervical spinal cord, and cranial nerves. Patients with these abnormalities may present with overt myelopathic features or neck pain, torticollis, restricted neck movements, transient loss of consciousness, vertigo, respiratory dysfunction.
1,2
Respiratory centers in the medulla are compromised in CVJ anomalies and hence it would be logical to assume that an element of respiratory dysfunction exists in these patients. This may be most often clinically occult, and occasionally, overt respiratory manifestations may be seen.
The dorsal and ventral respiratory groups of neurons in the medulla arc are chiefly involved in the central control of respiration. Besides these, the motor recruitment of the phrenic, intercostals nerves and accessory muscles also plays a role in orderly breathing. 6 Certain illness like rheumatoid arthritis which cause acquired CVJ anomalies also have respiratory manifestations like pulmonary fibrosis, nodules, and restrictive dysfunction. In our study, there was significant reduction in preoperative FVC, FEV1, FEF25-75, PEFR, MVV as compared with predicted values. However, FEV1% was a parameter that increased in the postoperative period. This is because it is a ratio and, as the reduction in FEV1 is proportionately less than the reduction in FVC, this value appears increased. This suggested a significant occult respiratory dysfunction in these patients as none of them had any significant respiratory symptoms preoperatively. Thus, there was a significant respiratory dysfunction which was both restrictive and obstructive. This compares with a similar study by Rath et al. 
JOSS
There was also significant reduction in FVC, FEV1, PEFR in the study population as compared with healthy matched controls suggesting a preexisting occult dysfunction. A series from our institute in an earlier study evaluated respiratory function in cervical compressive myelopathy and found significant reduction in FVC, FEV1, MVV, PEFR, FEV1% as compared with healthy control population.
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The knowledge about preoperative occult respiratory dysfunction helped in adequate preoperative incentive spirometry, bronchodilators, and also postoperative respiratory rehabilitation and physiotherapy.
In our study, in the immediate postoperative evaluation, FVC, FEV1, MVV, PEFR, FEF25-75 have all recorded a decrease in mean values compared with preoperative values but the reduction was not statistically significant.
This could be explained due to following reasons: (1) Long-standing compressive myelopathy and its effects taking a while to reverse; (2) cord edema and subclinical injury due to surgical manipulation; (3) atelectasis following general anesthesia; (4) postoperative pain; and (5) presence of Ryle's tube/cervical collar.
The study by Rath et al 2 also evaluated this aspect and found a similar restrictive dysfunction persisting in the early postoperative period. A study from our own institute reported significant improvement in respiratory dysfunction in 30 patients operated for various causes of compressive cervical myelopathy.
In our study, late postoperative values of FVC, FEV1, FEF25-75, MVV, and PEFR showed significant improvement as compared with early postoperative values. However, they were still significantly lesser than predicted values. Thus, a significant improvement in respiratory function occurs after surgical relief of compression at the CVJ.
This could be attributed to (1) a gradual reversal of compressive effects on the respiratory centers and descending motor pathways that also improve diaphragmatic and respiratory muscle function; (2) resolution of postoperative edema; (3) reversal of microsurgical trauma during surgical manipulation; (4) better relief of postoperative pain; and (5) absence of other detriments to breathing like Ryle's tube in situ.
Thus, several mechanisms which contribute to respiratory dysfunction in CVJ bony compression include (1) compression of medullary respiratory centers; (2) compression of descending motor pathway involving the motor tracts innervating the respiratory muscles; (3) severe spasticity of respiratory muscles; (4) thoracic anomalies (like kyphoscoliosis) causing restrictive dysfunction and pulmonary involvement in acquired CVJ anomalies due to diseases like rheumatoid arthritis.
Hence, at our institute all patients with CVJ anomalies were on a protocol basis put on incentive spirometry, chest physiotherapy with nebulization in the presurgery phase as well as in the postoperative period. Various similar studies have found significant improvement in all PFT parameters in the period from 7 to 10 days onward postoperatively but have not included a late postoperative evaluation of respiratory function. In our study, both early and late postoperative PFT recordings have been done.
LIMITATIONS
• Mouth pressures, i.e., maximum inspiratory pressure and maximum expiratory pressure which represent respiratory muscle strength, were not evaluated in this study. Late postoperative changes in these parameters could have been interesting to correlate with other parameters.
• PFT is an operatordependent test and as this study involved more than one operator but the same apparatus, an element of interobserver variability needs to be considered. • In the group of late postoperative PFT, a correlation between the exact duration of postoperative evaluation and the extent of improvement was not evaluated. Hence, a further delayed evaluation of respiratory function more than 6 months postoperative is suggested to record long-term changes after relief of CVJ compression.
CONCLUSION
• Significant occult respiratory dysfunction exists in patients with CVJ bony compression.
• Preoperative FVC, FEV1, MVV, PEFR are significantly lesser than predicted values in patients with CVJ compression due to chronic compression of brain stem respiratory centers and descending motor pathways that control breathing. • In the early postoperative period, these values are further reduced but they are significantly better than preoperative status in the late postoperative period.
• An objective evaluation of this occult respiratory dysfunction is essential to prevent respiratory complications and to improve postoperative respiratory rehabilitation. Hence, we conclude that patients with CVJ anomalies need to be carefully monitored in the perioperative period for respiratory dysfunction and also would benefit from perioperative and prolonged postoperative respiratory rehabilitation.
